(i2m*tt**«ir»-3t^T»P**ifcHBffi« 



(i9)ifts«iwBf*«iaii 

(43) SK^BBB 
2005 ^7 21 B (21.07.2005) 





PCT 



(10) BtS^BBS^ 

WO 2005/067053 Al 



(51) @B5*#gr#g 7 : 



(21) 

(22) g(SttiH0: 

(25) @B5ttJJ8l<Z>^S§: 

(26) m& y j>m<Dmh 

(30) ffifclfT 1 -*: 

f#J5@20O4-003347 



H01L 27/12 
PCT/JP2004/0 19596 
2004 $12 £ 28 0 (28.12.2004) 

2004 $ 1 £ 8 0 (08.01 .2004) JP 



(71) UiSA <±T<Z>*t3£gKOOT): =S 

ttifc V U a VttS&tt (SUMITOMO MITSUBISHI 



SILICON CORPORATION) [JP/JP]; T 1058634 
1ES1-T I 2 # 1 ^ Tokyo (JP). 

(72) %W%;t$£lf 

(75) «M*/UIBXf*nfC-3l>T(D^: $*fI£(MO- 
RIMOTO, Nobuyuki) [JP/JP]; t 1058634 SS^B^E 
£;T8-T I2f 1f ESttSv 'J 3 I*J 
Tokyo (JP). ffiW (NISHIHATA, Hidekl) [JP/JP]; T 

1058634 JMMK&B2St-T B 2 S 1 # Eltev 

'J 13 >ttx£Sttrt Tokyo (JP). 

(74) ft^A: IEK . ft (SHIGA, Masatake et al.); T 
1048453 XKlB4>ftB AS #N 2Tl3f 1f Tokyo 
(JP). 



(54) Title: PROCESS FOR PRODUCING SOI WAFER 



(54) SOI^ x-/\0)^SS^^ 



B' 



i 



I 



naughts- 



I 



I 



1~ 



IT) 



i?5 



A. .. FORM OXIDE FILM ON WAFER FOR ACTIVE LAYER 

B. .. HYDROGEN ION IMPLANTATION 

C. .. BOND TOGETHER 

D. .. DETACHMENT HEAT TREATMENT 

E. .. OXIDIZE 

F. .. REMOVE OXIDE FILM 

G. .. PLANARIZATION HEAT TREATMENT 



(57) Abstract: In the production of SOI wafer 
according to the smart cut technology, there is provided 
a process for producing a wafer, in which the surface 
after detachment is planarized and the SOI layer is 
reduced to a thin film so as to realize uniformalization 
of the thickness of SOI layer. In this SOI wafer 
production process, implantation of hydrogen gas ion 
is carried out via an oxide film into a silicon wafer for 
active layer, thereby forming an ion implantation layer 
in silicon bulk. Subsequently, this wafer for active layer 
is bonded via an insulating film to a support wafer. 
The resultant wafer laminate is heated so as to effect 
detachment at part thereof with the ion implantation 
layer as a boundary, thereby obtaining an SOI wafer 
After the detachment with the ion implantation layer as 
a boundary, the SOI wafer is oxidized in an oxidative 
atmosphere. The resultant oxide film is removed by 
means of, for example, an HF solution. Thereafter, the 
SOI wafer is heat treated in an argon gas atmosphere 
at 1100°C or higher for about 3 hours. As a result, 
the mean square roughness of surface of SOI wafer is 
improved to 0. 1 nm or less. 



(57) KJ&: AT- h* y h&lC «fc*SO I 

so I Jf £3161 4b Its soiH<&J8I¥£$ 
SO I JSttJffflS/'JaV 

£tf LT3Eft^x--/\l::tey&fr1** 0 Z<Dte 



O 



so i ^i-/>«»ibtt»H«-c»ft*3i-r*. ca«<bKi*tt*f«HF*ic*yifc 



WO 2005/067053 Al IlllH 



(8i) ftsgfg^rcfc^Ey, ±x<Dmmomto&mw 

RTfi&J: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
B W, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) fg£S(£jj*a)£i^y , ±Tommo>&®um 

tf»Itfo): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), 1-7V7 (AM, AZ, 



BY, KG, KZ, MD, RU, TJ, TM), 3 — □ y (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 



£-fi>o C<7>&, SO I ^x — /\£7VU=T>#Xf?ffl&-e I 1 O 0°C£L±T?B&3B$R3]&*!lg-f £ c Z<D&£ S SOI 



WO 2005/067053 1 PCT/JP2004/019596 

^ tnB -jf 

[0001] ^Igl^te, SOI (Silicon On Insulator) /N©f^R^rjSfe, ^L<«SOI^* 

-/^^^®$ ^ >p±I>fb-r^SOI^a:-/^<Df^»^fe^||-t•So 

#«f4, 2004^1^ 8 0 imm£frtc'®m2004-3347 J %KMLm9cmZ3i i Mls 

[0002] soi**-;n|4, ^ro^yay^-zMcit^ ^W^ft, sd^fc&JRUa© 

[0003] soi**— ^0ffcjMfe©ioi!:» ^y=>^*^-/>^ffi(C7K^-r^-^aiALfc^ 

L % fflStLfc^O^-^titJ, fiJlH^(DSOI**wN<D^S(fiJ|||ffi)^m<*oT 

[0004] #j;U4\ ®ffxm2izm®<Dsoiv*-^<DftMj5mm, mmk<ov=-— 

[0005] U>»U #fF;5CiSKl K3B*<0»I^I<B#8rett % SOI® 
#fP«l:#gl¥ll-102848^# 



t 



WO 2005/067053 2 PCT/JP2004/019596 

WfF»2 : #M 2000-1 24092#^« 

[0007] £0388 fi, SOUl©JK)f Sr*-HkLT, SOlSSr»ffiKb-r5SOI^*-/> 

[0009] Z<DSOl9*—^<DftMjjffiZ.*><oXfc fcfryhSfcfciSSOI?:*— ^©f£ 

o Z.<Db%, flJg|^OSOI^3i— ^<^fi<^i^2^3|fi£rms(root mean square 
)fil0nmWT-Cfc5 o 

[ooio] *tLt, ^osoi?:c-/n£, ^j^wr^b^ffl^-e^b^Ji^-rSo -o^m, s 



WO 2005/067053 3 PCT/JP2004/0 19596 

[0012] r<D^ % SOI^rt— ^©tjg(D^2ift^rms(lO;j mX 10 ju m)iiO. lnm 
[0014] X-r-h*yhmz.£ZS01$*-^<DWitm\Ztt.* <i*y&AM*$£RbLX§l M 

[0015] *|SW©SOI^*-/>(Of^|4^jfe{J:*5V^T, ±iB*i£^*#ffl^wf»&*Qi« 

[0016] spa^fft^ai-f stafttt, 1 ioov u±.xfoz B uoovmmxh&b, soi?^- 

* 

[0017] ^(DSOI^ 3 :-/^<D-^^®I^•&lcfeoT^i, soi^*-/Nfi % M^iiooTO±tc: 

mR-rzz.btfX'ZZo ■ 

[ooi8] ttw<Dsoiv*—^<DtfpW3&\z.&^x* ±.mwt<ktim\-Zs 6oot;~ioo(rc 



WO 2005/067053 



4 



PCT/JP2004/019596 



[0019] ^-lfryhmfc£ZSOlV*-^<DjfcM%mz.&^X, <4*y&Am%%.RbL 

[0020] z<Dso&x.-^<D?fMjjmz.hix\z, ±mmk&%m&x<Dimtes 6oot 

-iooov<D^mxm, xmt.L<mooK:-8oox:xh% 0 6oox:%mxn. + 

wmimwtffctsttz.btmnxhz,, iooo^®*.^ soi^-^ 

[0021] $ib^C^PJOSOI^> 3 :-/^©M^{-*3V vC tt, ±IE$HblSI<£>Jg££, 4000 

A^±£-r3r£»£U\ 

[0022] ^SOI^w^fj^^&KfcoTte, mM&<Dsoiv^-^<Dmmz.fttf$.& 
;ft5$Hblg<£J¥£te4000A^±-e&5 o 4000A*?ire&>5^ ^©f©7y^y 

[0023] Z<D£5\^ Z.(D%W\Z.£tl&, ^-h*yhmz£%soit^~^<Dfcmjjmz.& 

[0024] ^tf>^ SOI!^-/^ T/W^^<D^^#iaMT-l 100V£l±<DUm^ 

[0025] Z.<D%£^ #&WK£tl\-£, SOI^a:— ^<Dmffi(D¥-%}2m%&&rms(lO » mX 10 
M m) 130. lnm^T^-C^"et5o 

xh& 0 

[|l!2]ia2«^<D|§Pjo-|liS^fc:#SSOi^^-/NO^*-&[c:fcitssiJfllfi 



WO 2005/067053 5 PCT/JP2004/0 19596 

[oo27] ot, ^(D^mo-mmmm^ mm^m2^mL.xm.mir^ 
^xwtm-tz> 0 

[0028] -&gnMfcfcZX^-h$yVmz£%SOltzc-/s0ft§l^ BlOA-GK:**- 
£?t£XUXftt>tiZ> 0 

[0029] £1\ CZfeic:J;»9W^$tl> ^P^K-/>Vhi;^c^3^y=f5/h^.ib^7-r 

[0030] mitmtm^titzm^mm^^-^s ^tyaAitrox^ft^^ 
[0031] iacfc*i-j:5»zu 7kmj*^i>mx£frtzmimmv-*-^&s 

[0032] ^LT, igDfc^tMSU:* jytf^b-fr^-^pftsoo^ &m#x%m%.xm 

m*-'^mkm&ft\.xsoim(fe&mm**~^<D-mi>mm£ntcsoi'7 



I 



WO 2005/067053 6 PCT/JP2004/019596 

¥^2it$rms (10 m m X 10 n m) telOnm^T'efcSo 1 

[0033] ^tWIgtt, ~mfttex^-h*yimz£zsoit*-^<Dfcmfifc~?z>x 

[0034] mi(DXUE^XXim2[zm-t^^ SOI^wn^oV^, 

[0035] ^LT, imFtc^l-J;?^ ro^b)^%0iJx.}iHF^-/^^{c:ii9|^*-r^o - 
[0036] ±fB-3goxg (^b^Sfe xmF^y^y^) its m&®n<ox-b& \ -tlK 

[0037] t7^ymimmirz > m& Yy^mmmnxmimmt^t, mty-nm 

8oo*c-e&5 0 

[0039] mz, JMG{z.*j-&{^ mmmfcmut&(Dsotf*~^\z^\^xmikf&& 
±<Dummmrmn-rz>z.txhz> 0 

[0040] ±a2gCDia lOXgA-G^rST^^tvfcSOI^^— />OTO2^M$rms (10 m 
mX10,im)ttO. 06nm$.X&W£ftZ>Z.btf&M£ht' o — ±3&OXflA~G 

SOl!>3:— /N(DTO2^fe^rms (10 At mX 10 » m) (20. 2nm3;-eU>>#C#£;ft/ t £ 



WO 2005/067053 7 PCT/JP2004/0 19596 

* 

[oo4i] m^tmo^mvxn, ±m^m^y^A^wxn, mm&vsoi 

[0042] soi^ofti^^iW^iisooA-ioooA^-^^j-efc^ Ltztf^x, mwm. 

* 

^xi^-mtwm^m^^-f^t, mmu^som^w-^ 3000A- 

4000Ari*#f£LV\ 

[0043] ¥mkm%!M<DM.&m200X;SX±.Xh%b, X])y7fc&<D%±1rZ>lo?:ti&h 

[0044] &k:, ifB^b^a^i^^ffl^TOatcov^-r^tv^tv^^^fr^^ML-r 

[0045] ±^<DX@A-D^-C^M$i^y^:SOI^ ; c--/^^CoV^-C¥a'^bMSM^^l 
050^-1300^, ^ra^lf^^-4^F^^^b$*T^Lyc: 0 $HbBl£>J¥ 
££3000A-5000A£T^ffc£ii:fco ^ttb^SOl!^— ^UloVv-C, SOI^O^ 
®O^2^|i$rms(10MmX 10 /x m) [Z^^XZtl^ti&ftitDjifeXnffiLtz 

[0046] [^1] 



WO 2005/067053 



8 



PCT/JP2004/019596 





masm (A) 


3 0 0 0 


4 0 0 0 


5 0 0 0 


10 5 CCx 1 h r 


X 


X 


X 


10 5 OtJX 2 h r 


X 


X 


X 


1 0 5 OVX 3 h r 


X 


X 


X 


1 0 5 0tX4 h r 


X 


X 


X 


110 Otx 1 h r 


X 


X 


X 


1 1 0 OtX 2 h r 


X 


X 


X 


1 1 0 OtX 3 h r 


X 


o 


o 


110 OtX 4 h r 


X 


o 


o 


1 2 0 Ot:x 1 h r 


X 


o 


o 


1 2 0 0"Cx 2 h r 


X 


o 


o 


12 0 OtX 3 h r 


X 


o 


o 


12 0 OtX 4 h r 


X 


o 


o 



0:^0. lnm(l0jLi mX 10/z m % rms) 
X:>0. lnm(10/z mX 10ju rms) 

[0047] Sl±<DmWl<D&%:£.9, MfcULSOl**-^*, trfWlfciBMU ;©t-©i 

[oo48] jf-wmm *u ^mmmm^m,mLtz^K ^m\t^nhmmmm^m 



WO 2005/067053 9 PCT/JP2004/019596 



WO 2005/067053 



10 



PCT/JP2004/019596 



mLsoi^^-^m^LtzWi.ttimsoi^^-y^mimmLxsoimmm^m 
mm^B^^m^x<Dm^m^mmsoi^-/^r/^y^mmn,x 

mmmitm(Dm^4oooA^±xh^m^m^Bm(Dsoi^^-^(D^m^ 



WO 2005/067053 



PCT/JP2004/019596 



1/2 



[mi] 



A 



B 



C 



D 



E 



F 



G 







r 












* 

r 






r 



















WO 2005/067053 



2/2 



PCT/JP2004/019596 




INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP2004/019596 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01L27/12 





According to international Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L27/12, H01L21/02, H01L21/324 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 2003-224247 A (Shin-Etsu Handotai Co., 
08 August, 2003 (08.08.03), 
Par. Nos. [0031] to [0039]; Fig. 7 
(Family: none) 



WO 2003/009386 Al (Shin-Etsu Handotai Co., 
Ltd. ) , 

30 January, 2003 (30.01.03), 
Comparative example 1; Fig.l 
& EP 1408551 Al & US 2003/181001 Al 

WO 2003/009366 Al (S.O.I. TEC SILICON ON 

INSULATOR TECHNOLOGIES), 

30 January, 2003 (30.01.03), 

Full text; all drawings 

& EP 1407483 Al & FR 2827423 Al 

& US 2004/161948 Al 



Ltd. ) , 



1-4 



1-4 



1-4 



I I Further documents are listed in the continuation of Box C. 



I I See patent family annex. 



"A" 
"E" 

M 0" 



Special categories of cited documents: 

document defining (he genera) state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority c)aim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than the 
priority date claimed 



T' later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
28 March, 2005 (28.03.05) 


Date of mailing of the international search report 
12 April, 2005 (12.04.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



t 




Int. CI. ' H01L2 7/1 2 



(I PC) ) 



WHEfctrofcfc/MBttR (BRflrSMMB (IPC) ) 

Int. CI. 7 H01L27/12, H01L21/02, H01L21/324 



B*H0UB*r*&« 1 9 2 2-1 9 9 6^ 

0#&kWJg/8rr3g4H8 1971-200 5^ 

0#H*Jfl*r3g2»43t?B 1996-200 5¥ 

0 *HSft%fflfr&2& 1994 - 2005 ¥ 



C. 88*1-4 fc»»feix6*tt 









X 


JP 2003-224247 A (flttt^ft^^tt) 2003. 08. 08, 
a* [0031] ~ [0039] ,g|7(77$!H&L) 


1-4 


X 


WO 2003/009386 Al (iBlK^ffctfc^tt) 2003. 01. 30, 
Jfctfeftl 1 , HI 1 

& EP 1408551 Al & US 2003/181001 Al 


1-4 


X 


WO 2003/009366 Al (s.o. i.tec silicon on insulator technologies) 2003. 01. 30, 
& EP 1407483 Al & FR 2827423 Al & US 2004/161948 Al 


1-4 



B*L<tt*&©»sij/j:aASr«i3ii-a*n!)K9iffi-r* 

Xtt W**rf«H-) 



rpj bbsswss b w-c\ ^oflBtttroisgoga 




r&j 








BR5SISS:^TUfc0 

2 8. 03. 2005 


mmm.n&<D&m 0 12.4.2005 


B*s*fiwr (i sa/j p) 

iPffi#-5§- 100-8915 




sat mm<Dh^m 

0 3-3581-1101 P 


4M 


2 9 3 4 


S3S#- 


3 4 6 0 



SSPCT/ISA/2 10 ($&2'<—*J) (2 004^1^) 



